Background. There is a paucity of information on the clinical presentation and outcome of elderly hepatocellular carcinoma (HCC) patients. We performed a multicenter retrospective comparative study to assess the impact of age on potential differences in clinical characteristics, treatment patterns, and outcome in HCC patients.
INTRODUCTION
The incidence and mortality of hepatocellular carcinoma (HCC) have been dramatically increasing in the United States [1] . Age is a known risk factor for HCC [2] [3] [4] . In the United States, the average age of HCC diagnosis is 65 years [5] . The incidence rate of HCC among the elderly is progressively increasing [6] . This trend may be partially attributable to screening, improved management of chronic liver disease, the rising incidence of nonalcoholic steatohepatitis-related cirrhosis, and an epidemic of hepatitis C virus (HCV) infection in the late 1970s [7] . As the population ages, it is becoming increasingly important to recognize age-specific cancer epidemiologic trends and differences in cancer outcomes to aid in prevention strategies, diagnostic approaches, and treatment decisions.
Historically, the elderly represent an important population particularly vulnerable to disparities in cancer treatment [8, 9] . There is a paucity of information on the possible differences in the clinical presentation, treatment patterns, and outcomes of HCC based on age. The limited available data are mainly from Asia, where HCC has a distinct underlying etiology and different treatment pattern [10 -17] . Additional studies from Europe reflect disease trends inherent to a less demographically diverse population and particular patterns of clinical practice, thus making it difficult to extrapolate to U.S. patients [18, 19] .
The increasing HCC incidence, aging population, development of new HCC treatment modalities, and limited age-related data available prompted the current study. By using a multi-institutional database, we designed the present study to examine the clinical characteristics, treatment patterns, and outcomes in elderly patients with HCC.
PATIENTS AND METHODS

Patient Selection
Retrospective analysis of HCC patients treated at two U.S. tertiary institutions from January 1998 to December 2008 was performed. A diagnosis of HCC was confirmed histopathologically or according to the noninvasive European Association for the Study of the Liver (EASL) diagnostic criteria [20] . The age of 70 years was chosen as the cutoff point for the analysis because the 70 years of age landmark has been described as the lower boundary of senescence and the incidence of age-related organ dysfunction and the development of comorbid conditions start to increase after the age of 70 [21] . Additionally, 70 years of age has been the most frequently used cutoff age for comparisons between younger and older patients in previous analyses of HCC patients, thus allowing for some comparability with these other studies. The demographics, etiology of liver disease, tumor parameters, comorbidities, performance status, body mass index, detailed treatment information, length of survival from diagnosis, and cause of death were captured. Race/ethnicity was categorized as White, Black, Asians, and Hispanic. The etiology of the liver disease was categorized as infection with hepatitis B (HBV), HCV, alcoholic liver disease, nonalcoholic fatty liver disease, hemochromatosis, autoimmune hepatitis, and primary biliary cirrhosis. The etiology of cirrhosis was considered to be cryptogenic if no cause for chronic liver disease was identified after exhaustive testing. No quantitative analysis of alcohol consumption was performed; assessment of habitual alcohol use was based on patient self-reporting of habitual drinking.
Underlying cirrhosis was confirmed histologically or based on clinical and/or radiological criteria including nodular liver contour, presence of ascites, varices, enlargement of the caudate lobe, splenomegaly, and collateral portal-venous anastomoses. We also assessed whether the diagnosis of HCC was made during evaluation for possible HCC based on presenting signs or symptoms or as a result of surveillance.
Multimodality treatment was defined as therapy that combines more than one method (e.g., combination of chemotherapy and embolization) of treatment. Death was categorized as attributable to HCC based on review of death certificate, discharge summary, or hospice documentation. Institutional Review Board approval was granted from each institution for this retrospective study.
Statistical Analysis
The patient characteristics were summarized using mean Ϯ SD, median and interquartile range for continuous variables, and percentages for categorical variables. Chi-square tests and Wilcoxon rank sum tests were used to compare the patient characteristics between the two age groups. Three types of survival analysis were performed to compare the clinical outcome between the elderly and younger patients: (a) Overall survival (OS) defined as the interval between the date of HCC diagnosis and the date of death due to any cause; (b) HCC-specific survival defined as the time from HCC diagnosis to death from HCC (deaths from non-HCC causes were treated as censoring); (c) HCC-specific survival, but non-HCC death was treated as a competing risk. The Kaplan-Meier method was used to estimate survival distribution for OS and HCC-specific survival. Cumulative incidence rate for HCC death was estimated for the two age groups when non-HCC death was treated as a competing risk.
A Cox proportional hazard regression model was developed to evaluate the survival difference between the elderly and nonelderly groups while other prognostic factors were controlled. All factors listed in Table 1 , but not age, were 
RESULTS
Patients Characteristics
A total of 335 patients with HCC were included. Ninetyfive patients Ն70 years old (median age of 74 years) at diagnosis of HCC were defined as the elderly group. Two hundred forty patients aged Ͻ70 years (median age of 56) were regarded as the younger group. The patient characteristics are summarized in Table 1 . The male (M)-to-female (F) ratio was 1.7:1 in the elderly and 5.8:1 in the younger group, showing that there was a higher proportion of women in the elderly group (p Ͻ .0001). The proportion of patients with HCV infection was significantly lower in the elderly group (21.1% versus 48.3%, p Ͻ .0001). There were no significant differences in HBV infection rates between younger and elderly patients (21.2% and 14.7%, respectively). Alcohol-induced liver disease was found in 37.5% of younger patients and 29.5% of the elderly group; the difference was not statistically significant (p ϭ .1657). There was a trend toward more advanced CTP class in the younger group: CTP class B and C cirrhosis 35.8% versus 25.3% (p ϭ .063). younger patients were more frequently diagnosed as a result of HCC screening or surveillance (61.3% versus 32.6%, p Ͻ .0001). More patients in the elderly group had ECOG PS Ͼ 1 than in the younger group (24.2% versus 7.9%, p Ͻ .0001). There were no significant differences in the following: race distribution, stage, number of lesions, symptomatic at presentation, PVT, alphafetoprotein (AFP) level, Cancer of the Liver Italian Program score, diabetes mellitus, or BMI.
The types of treatments received are summarized in Table 2 . Forty-seven (19.6%) of the younger patients underwent liver transplant compared to 5.3% of the elderly patients (p ϭ .0002). Conversely, a higher proportion of elderly patients received only symptomatic treatment (36.8% versus 22.9%, p ϭ .01). There was no difference in the number of liver resections or liver directed treatments, including radiofrequency ablation, transarterial chemoembolization, radiation, and chemotherapy. The rate of utilization of multimodality treatment was 28.3% in the younger group and 23.2% in the elderly group; the difference was not statistically significant. 
Overall Survival
Median follow-up was 15 months for the younger group and 11 months for the elderly group. For subjects who were alive at the time of this analysis, the median follow-up time was 27 months for the elderly and 31 months for the younger. For all patients, the 1-, 2-, and 3-year survival rates were 52.9 Ϯ 5.3%, 38.3 Ϯ 5.2%, and 27.1 Ϯ 5.2%, respectively, for the elderly group and 63.1 Ϯ 3.2%, 46.8 Ϯ 3.4%, and 35.9 Ϯ 3.4%, respectively, for the younger group. Figure  1A shows the overall survival curves for the elderly and younger group. This difference was borderline significant (log-rank test, p ϭ .06). One hundred forty-eight of the 190 patients in the younger group and 66 of the 90 patients in the elderly group died from all causes. Figure 1B shows the overall survival curves of the elderly group and the younger group after exclusion of patients who underwent OLT. The median survival time was 12.5 months (95% CI, 7.9 -18.7 months) for the elderly group and 13.9 months (95% CI, 10.2-16.4 months) for the younger group. After exclusion of transplanted patients, the 1-, 2-, and 3-year survival rates were 51.4 Ϯ 5.4%, 35.7 Ϯ 5.3%, and 23.0 Ϯ 5.2%, respectively, for the elderly group and 54.4 Ϯ 3.7%, 35.9 Ϯ 3.7%, and 23.5 Ϯ 3.5%, respectively, for the younger group. This difference was not statistically significant (log-rank test, p ϭ .47).
HCC-Specific Survival
One hundred eighty-six HCC-related deaths were documented: 46 in the elderly group and 140 in younger group. The median HCC specific survival time was 27.8 months (95% CI, 13.4 -36.9 months) for the elderly group and 24.5 months (95% CI, 18.7-31.3 months) for the younger group.
For all patients, the 1-, 2-, and 3-year HCC-specific survival rates were 66.5 Ϯ 5.3%, 52.3 Ϯ 5.9%, and 39.1 Ϯ 6.5%, respectively, for the elderly group and 66.7 Ϯ 3.2%, 51.7 Ϯ 3.5%, and 40.3 Ϯ 3.6%, respectively, for the younger group. Figure 2A shows the HCC-specific survival curves for the elderly and younger group. This difference was not statistically significant (log-rank test, p ϭ .89).
For the 280 patients who did not receive OLT, 45 (50%) of the 90 elderly patients died from HCC, versus 131 patients (69%) of 190 patients in the younger group. The median disease-specific survival time was 24.9 months (95% CI, 12.9 -32.9 months) for the elderly group and 14.9 months (95% CI, 1-21.0 months) for the younger group. The estimated 1-, 2-, and 3-year HCC-specific survival rates were 65.9 Ϯ 5.4%, 50.3 Ϯ 6.2% and 34.9 Ϯ 6.9%, respectively, for the elderly group and 58.4 Ϯ 3.8%, 40.9 Ϯ 3.9%, and 27.6 Ϯ 3.9%, respectively, for the younger group. Figure 2B shows the HCC-specific survival curves of the elderly group and the younger group after exclusion of patients who underwent OLT. This difference was not statistically significant (log-rank test, p ϭ .38).
HCC-Specific Survival Adjusted for Competing Risk
Forty-one non-HCC-related deaths were documented: 21 in the elderly group and 20 in younger group. Although non-HCC death was considered as a competing risk, there was no statistically significant difference in the cumulative incidence of the HCC-related death between the two patients groups, hazard ratio of 1.02 (95% CI, 0.73-1.43, p ϭ .89). There were a total of 38 non-HCC deaths after transplanted patients were excluded: 21 in the elderly group and 17 in the younger group. The non-HCC-related deaths included infections, myocardial infarction, stroke, renal failure, suicide, and trauma. Although non-HCC death was considered as a competing risk, there was no statistically significant difference in the cumulative incidence of the HCC-related death among the two patients groups, hazard ratio of 0.86 (95% CI, 0.61-1.21, p ϭ .39). However, comparing with younger patients, elderly patients had a significantly worse survival for non-HCC related deaths with a hazard ratio of 3.27 (95% CI, 1.76 -6.05, p ϭ .0002).
Multivariate Analysis for Survival
Multivariate analysis did not show a significant difference in clinical outcomes between the two age groups. When the effects of the important prognostic factors were adjusted, the estimated hazard ratio was 1.33 (95% CI, 0.97-1.82, p ϭ .07) for OS; 0.98 (95% CI, 0.68 -1.41, p ϭ .92) for HCC-specific survival; and 0.98 (95% CI, 0.66 -1.46, p ϭ .92) for HCC-specific survival adjusted for competing risk.
The results of multivariate analysis for patients without liver transplant are summarized in Table 3 . No significant difference between the two age groups was found. The estimated hazard ratio was 1.23 (95% CI, 0.89 -1.71, p ϭ .21) for OS; 0.90 (95% CI, 0.62-1.30, p ϭ .57) for HCC-specific survival; and 0.90 (95% CI, 0.59 -1.36, p ϭ .61) for HCCspecific survival adjusted for competing risk.
DISCUSSION
In this retrospective multicenter study, we compared the clinical characteristics, treatment modalities, and outcome data for elderly (age Ն70 years) compared to younger patients (age Ͻ70 years) with HCC. Characteristics that distinguished the elderly group included lower M/F ratio, fewer patients with HCV infections, and less advanced underlying liver disease than the younger group. Several previous studies have shown differences in clinicopathological characteristics of elderly patients with HCC including a lower rate of viral hepatitis positivity, lower M/F ratio, lower AFP values, smaller tumor diameter, and a higher proportion of stage I-II patients in elderly group. However, most of these studies were conducted in Asia where HCC has a distinct epidemiologic pattern [22] [23] [24] . Additional data available from small-scale retrospective European studies reflect a relatively homogenous patient population and particular patterns of clinical practice, thus making it difficult to extrapolate to U.S. patients. Both of these studies found shorter survival in elderly patients with HCC that could not be accounted for just by differences in tumor extent or liver failure with the conclusion reached that this difference might be due to a lower rate of therapeutic intervention in elderly patients [18, 19] .
A recent retrospective report from a U.S. institution illustrated differences in clinicopathological characteristics between young and elderly HCC patients. This cohort of patients differed from ours in that they were selected for transarterial embolization and therefore had relatively preserved hepatic function and less severe medical comorbidities. Similar to our findings, they found a lower M/F ratio and a lower rate of HCV/HBV co-infection in the elderly group. As opposed to our finding where no difference in stage distribution between the two age groups was observed, they found that the younger group had higher clinical tumor-node-metastasis stage [25] . The differences found in stage between the elderly and younger patients in the two studies may in part be due to the fact that elderly patients selected for transarterial embolization might have lower stage on average than younger patients.
It is interesting that a higher proportion of women in elderly HCC patients were observed in a recent epidemiologic study that analyzed age-adjusted trends in HCC incidence using U.S. Surveillance, Epidemiology, and End Results (SEER) registry data [1] . Although the reason for this difference has not been defined, it is possible that behavioral risk factors in younger males leading to earlier infection with HCV or HBV, and alcohol abuse might lead to a disproportionate increase in HCC incidence in younger males [26] . However, further studies are needed to confirm this finding, which could have implications for public health measures to develop strategies to decrease the higher rate of HCC in younger males. Moreover, SEER registry data demonstrated increased HCC incidence rates among Hispanic and black middle-aged men over the last 3 decades [1] . In our study, a higher proportion of Hispanic and black patients in the younger group were seen, although the numbers were small and not statistically different.
HCC screening and surveillance in a well-defined risk population is considered the standard of care in the United States. Nevertheless, in our study only 32.6% of patients in the elderly group were diagnosed via active screening and surveillance, as compared to 62% of the younger patient group. Despite this, there was no difference in stage distribution between the two groups. This lack of difference may be partially explained by accidental discovery of HCC in an elderly patient undergoing state-of-the-art medical care for comorbidities. It also reflects the relative inefficiency of current surveillance and screening approaches in detecting early HCC.
In contrast to other solid tumors, the presence of underlying liver cirrhosis in patients with HCC adds an important dimension that cannot be overemphasized when the prognosis and treatment of HCC are assessed. Interestingly, elderly patients in our study had less advanced liver disease, with CTP class B/C in 25.3% of patients compared to 35.8% in younger counterparts, although it did not reach statistical significance (p ϭ .063). A higher proportion of younger patients (92.5%) had underlying chronic liver disease, based on histological and/or clinical and radiological studies as opposed to 83.2% of elderly patients. This may be partially explained by the fact that a proportion of patients with poor liver function might succumb to liver failure and not survive into elderly age. It is also possible that fewer HCV infections in the elderly group may partially contribute to these findings, although genetic, environmental, and other less clearly defined factors of hepatocarcinogenesis may play a role. The prognosis of HCC patients is largely determined by tumor burden, hepatic function, and performance status [27, 28] . In our study, no difference was found in tumor burden, hepatic function, and symptomatic presentation in the two groups, although performance status was worse in the elderly group. Given that HCC disease characteristics (number of lesions, AFP levels, and stage) were similar between the elderly and younger patients, this poor performance status is likely a reflection of the higher number of comorbidities in the elderly, rather than directly related to HCC.
Several trends in selection of treatment modalities were noted between the two groups in our study. Because the majority of patients with HCC have underlying cirrhosis, it is the degree of hepatic dysfunction that dictates the choice of treatment [29, 30] . Not surprisingly, liver transplantation was uncommon in the elderly group, as only 10% of liver transplantation across the United States is performed in patients over 65 years old [29] . Supportive care alone was a more common course of action in the elderly, despite equal stage distribution and more preserved liver function on average in the elderly group. This discrepancy likely reflects decisions based on a poor performance status and competing medical conditions. Age-based patterns of care, as defined by practitioner and the patient, are likely implicated in this complex decision process. Our study complements the findings from the largest retrospective Western HCC database presented at ASCO 2009. Although this work illuminates differences in the pattern of care in different age groups, it does not provide details of the degree of liver dysfunction, comorbidities, and performance status, which are important for HCC treatment decisions [30] .
In recent years, the chemotherapeutic armamentarium for HCC has expanded with introduction of the targeted therapy. Clinical trials are a major source of information for clinical decision making. However, historically, elderly patients have been underrepresented in clinical trials [31] . In contrast to lung cancer, lymphoma, breast cancer, and myeloma, there are few prospective studies designed for elderly patients with liver cancer. Elderly subgroup analyses have not been reported from the largest clinical trials involving patients with HCC. As a consequence, limited data are available about toxicity and tolerability of systemic therapy in this population. In our study, 27% of elderly patients received chemotherapy at some point of their treatment, which was not statistically different from the younger patient group. Moreover, 15% of elderly patients in our study were enrolled in clinical trials, a number similar to that of their younger counterparts. Advanced liver disease commonly presents a major limitation, when considering enrolling a HCC patient into a clinical trial. Given our results suggesting that elderly patients, on average, have less advanced liver disease, they should be offered the chance to participate in appropriate clinical trials. On the basis of our observations, elderly patients as a group are as willing to participate in clinical research as younger patients, when presented with an opportunity to enroll into a clinical trial.
Despite a higher prevalence of comorbidities and a significantly higher mean age, overall and HCC-specific survival of elderly patients was comparable to that of their younger counterparts. Low survival rate in both groups indicating morbid nature of HCC could potentially explain this result as HCC mortality surpasses the impact of both comorbidity and age-adjusted life expectancy. These findings are in line with results previously reported focusing on liver-directed therapy and surgical intervention, which include a healthier subset of the HCC population [12, 25, 32, 33] . Given the high mortality for HCC in both the younger and the elderly populations, clinical trials that have proportionate representation of the elderly would permit extrapolation of the results to the elderly and allow for direct comparisons of outcomes for younger and older patients. The complexity of HCC diagnosis and management argues for development of a prospective multi-institutional HCC registration database. Prospective data collection is required to optimize evidence-based treatment choices appropriate for elderly patients with HCC and ensure meaningful gains in survival and quality of life in the elderly population.
LIMITATION
An advantage of this analysis is that there was access to demographic and clinical variables not available in many population-based databases, providing the ability to analyze associations that have not been well characterized in the past. However, the retrospective nature of this study is its biggest limitation. All patients in this study were managed at tertiary care hospitals with liver transplant programs, interventional radiology experts, and clinical trials available. Thus, our findings may not be applicable to the patients managed in settings without similar resources available.
